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Edited by Judit Ova´diAbstract We report a kinetics study on hen egg white lysozyme’s
(HEWL) inhibitory eﬀect on mushroom tyrosinase catalysis of 3-
(3,4-dihydroxyphenyl)-L-alanine (L-DOPA) or L-tyrosine. For
the ﬁrst time, we demonstrate HEWL as a robust inhibitor
against mushroom tyrosinase in catalysis of both substrates.
The kinetics pattern matches a mixed (mostly non-competitive)
partial inhibition. Ki and ID50 value of HEWL are more than
20-fold lower than that of kojic acid, a well-known chemical
inhibitor of mushroom tyrosinase. Ki, a value and b value, are
almost identical in both experiments (L-DOPA and L-tyrosine
as substrates, respectively), which suggests this common inhibi-
tion mechanism aﬀects both steps. The inhibitory eﬀect increases
as both proteins were mixed and pre-incubated for less than 1 h.
HEWL-depletion only removed about half of the inhibitory eﬀect.
Here we propose a novel function of HEWL, which combines the
reversible inhibition and the irreversible inactivation toward
mushroom tyrosinase. Discovery of HEWL as an inhibitor to
mushroom tyrosinase catalysis may be commercially valuable in
the food, medical and cosmetic industries.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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In our continuing investigation of mosquito innate immu-
nity, we studied melanization of abiotic targets [1]. One type
of target, Sephadex CM beads was melanized in the L3-5 strain
of Anopheles gambiae but not in the 4a rr strain. Beads re-
moved from the 4a rr were not melanized when transferred
to L3-5 [2]. One protein on the beads was lysozyme. Pre-incu-
bation of beads in HEWL (hen egg white lysozyme) nearly
eliminated melanization in L3-5 strain. Thus, lysozyme was
identiﬁed as a potential melanin production inhibitor.
Lysozymes (peptidoglycan N-acetylmuramoylhydrolase, EC
3.2.1.17) are proteins that have been deﬁned by their muram-
idase activity, meaning the ability to cleave the glycosidic bond
between N-acetylmuramic acid andN-acetyl glucosamine (Glc-Abbreviations: HEWL, hen egg white lysozyme; L-DOPA, 3-(3,4-
dihydroxyphenyl)-L-alanine
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zyme has been reported to have antibacterial [3], antifungal
[4] and antiviral [5] activities, but a biological role in regulating
melanin production is not known.
Tyrosinase (monophenol, dihydroxy-L-phenylalanin: oxygen
oxidoreductase, EC 1.14.18.1) is a copper-dependent, multi-
functional enzyme that catalyzes two diﬀerent reactions: the
hydroxylation of L-tyrosine to 3-(3,4-dihydroxyphenyl)-L-ala-
nine (L-DOPA) (monophenolase activity) followed by the oxi-
dation of L-DOPA to dopaquinone (diphenolase activity) [6].
Tyrosinase has important functions in insect biology, as well
as economic importance in the food and cosmetic industries.
In insects, several roles of this enzyme have been reported
for pigmentation, wound healing, parasite encapsulation, and
sclerotization [7–11]. In the food industry, tyrosinase is respon-
sible for enzymatic browning reactions in damaged fruits dur-
ing post-harvest handling and processing [12–14]. In addition,
tyrosinase inhibitors are becoming important constituents of
cosmetic products that relate to hyperpigmentation [15]. Be-
cause of these important aspects, there is a concerted eﬀort
to search for naturally occurring tyrosinase inhibitors [16,17].
To study in depth tyrosinase inhibition by lysozyme, we
studied the eﬀect of HEWL on the monophenolase and diphe-
nolase activities of mushroom tyrosinase, and determined the
ID50 and Ki.2. Results
2.1. Inhibitory eﬀect of HEWL against mushroom tyrosinase
activity
To study tyrosinase inhibition by lysozyme, we examined
HEWL’s eﬀect on the diphenolase and monophenolase activi-
ties of mushroom tyrosinase, and determined ID50 and Ki.
ID50 is the required concentration of HEWL to reduce the
mushroom tyrosinase activity to 50% of that in a control reac-
tion containing no inhibitor under the same experimental con-
ditions. Ki is an enzyme/inhibitor dissociation constant.
When the diphenolase activity of mushroom tyrosinase was
examined by using L-DOPA as substrate, the reaction immedi-
ately reached a steady-state rate (Fig. 1, curve A). The presence
of HEWL in the assay medium resulted in reduction in the
diphenolase activity (Fig. 1, curve B). In addition, mushroom
tyrosinase also shows monophenolase activity. When the enzy-
matic reaction was started by the addition of on L-tyrosine, a
marked lag period, characteristic of monophenolase activity
[18], was observed, simultaneously with the appearance of
dopachrome (Fig. 1, curve C). The system reached a constant
rate after the lag period. As can be seen from curves C and Dblished by Elsevier B.V. All rights reserved.
Fig. 1. Progress curves for the inhibition of mushroom tyrosinase by
HEWL. Curves A and B show the eﬀect of the HEWL on the
diphenolase activity of the enzyme. Curves C and D show the eﬀect of
HEWL on the monophenolase activity of the enzyme. The reaction
media contained L-DOPA (0.1 mM) or L-tyrosine (0.4 mM) in a ﬁnal
concentration of 30 mM MOPS buﬀer, pH 6.5. HEWL concentrations
were (A, C) = 0, B = 0.8 lM, D = 0.48 lM. The reaction was started
by the addition of the substrate.
1878 B. Li et al. / FEBS Letters 580 (2006) 1877–1882in Fig. 1, HEWL also slowed the rate of dopachrome forma-
tion when L-tyrosine was used as substrate, behaving, there-
fore, as an inhibitor of the monophenolase activity of
mushroom tyrosinase.
To obtain further information on the type of inhibition ex-
erted by HEWL on mushroom tyrosinase, diphenolase activi-
ties (V) were measured (Fig. 2). The kinetics behavior of
HEWL during the oxidation of L-DOPA was studied
(Fig. 2A and D). Kinetics data from Dixon plots showed par-
tial mixed inhibition towards mushroom tyrosinase catalysis of
L-DOPA (Fig. 2D). The Ki and ID50 values estimated were
0.075 and 0.32 lM.
To ascertain whether HEWL also behaved as a partial mixed
inhibitor as regards the monophenolase activity of mushroom
tyrosinase, the rate of dopachrome accumulation was mea-
sured as a function of L-tyrosine concentration for several con-
centrations of inhibitor. The Dixon plot obtained (Fig. 2E)
shows that HEWL is also a partial mixed inhibitor of the
monophenolase activity of mushroom tyrosinase. The Ki and
ID50 value obtained for this plot were 0.12 and 0.20 lM.
Mushroom tyrosinase inhibitory eﬀects by HEWL and kojic
acid are presented in Table 1. Kojic acid showed non-compet-
itive inhibition with ID50 of 4.0 lM (Fig. 2C). HEWL exhib-
ited 20-fold lower ID50 for mushroom tyrosinase than the
positive control, kojic acid.
2.2. Pre-incubation of HEWL with mushroom tyrosinase
The mushroom tyrosinase inhibitory activity by HEWL was
inﬂuenced by pre-incubation of HEWL with the tyrosinase.
When HEWL (0.5 lM) and mushroom tyrosinase (7.5 U) were
mixed just before measurement, the inhibition was ca. 7.93%.This value increased by almost 4-fold (ca. 30.25%) when mush-
room tyrosinase was mixed and incubated with HEWL at
25 C for 1 h. After 1 h, this value drops gradually as demon-
strated in Fig. 3.
2.3. HEWL depletion experiment
A signiﬁcant decrease in diphenolase activity of mushroom
tyrosinase was observed after mushroom tyrosinase and
HEWL were mixed and incubated without substrate (L-
DOPA). This showed that HEWL directly inactivates the
mushroom tyrosinase diphenolase activity. To examine
whether this inhibition eﬀect by HEWL is reversible, we per-
formed a HEWL-depletion experiment to measure the non-
recoverable inhibition eﬀect. First, controls were performed.
Two samples of mushroom tyrosinase were incubated at
25 C for 1 h, only one of which was followed by incubation
with Sephadex CM beads. As expected, controls of mushroom
tyrosinase, with or without HEWL-depletion procedure, have
almost identical amount mushroom tyrosinase (Fig. 4B, lanes
1 and 2) and diphenolase activity (Fig. 4A, m and n). Consis-
tently, no mushroom tyrosinase was detected in elutes from the
corresponding Sephadex CM beads (Fig. 4B, lane 3).
When mushroom tyrosinase was incubated with HEWL for
1 h at 25 C (Fig. 4B, lane 4), 35.7% of diphenolase activity
was suppressed (Fig. 4A, n). Sephadex CM bead depletion re-
sulted in loss of detectable HEWL (Fig. 4B, lane 5) while no
mushroom tyrosinase was consumed by this procedure
(Fig. 4B, lane 6). After the HEWL-depletion procedure, this
sample exhibited a recovery of 15.7% of diphenolase activity
(Fig. 4A, +). In other words, about half of the inhibitory eﬀect
was recovered/reversed by HEWL-depletion.3. Discussion
Recently, a novel function of mosquito lysozyme has been
found in our laboratory. A. gambiae lysozyme shows an anti-
melanization eﬀect in mosquitoes (unpublished). HEWL was
also found to inhibit melanin formation in vivo in A. gambiae.
We observed in vitro inhibitory eﬀect of HEWL to both mush-
room tyrosinase and mosquito tyrosinase (Li et al., unpub-
lished). To explore the biochemical mechanism of this
antimelanization eﬀect, we characterized in vitro an interaction
between HEWL and mushroom tyrosinase. For convenience,
we chose commercially available HEWL and mushroom tyros-
inase as models.
The kinetics of HEWL’s inhibitory eﬀect on mushroom
tyrosinase has been measured during catalysis of both L-
DOPA and L-tyrosine. HEWL exhibits a robust inhibitory
activity against mushroom tyrosinase. Ki and ID50 value of
HEWL are more than 20-fold lower than that of kojic acid,
a well-known inhibitor of mushroom tyrosinase [19]. However,
due to the higher molecular weight of HEWL (14 kDa), their
inhibition eﬃciency by weight is in the same range. This low
Ki and ID50 are compatible with the physiological environment
of insects [20–22], which suggests that lysozyme may be in-
volved in the physiological control of melanin production in
these organisms.
The kinetic pattern of HEWL inhibition of mushroom tyros-
inase matches a mixed (almost non-competitive) partial inhibi-
tion. This mixed-type inhibition can arise in many ways [23].
Fig. 2. Lineweaver–Burk (A, B, C) and Dixon (D, E) plots of mushroom tyrosinase: (A, D) With L-DOPA as a substrate, in the presence of HEWL.
(B, E) With L-tyrosine as a substrate, in the presence of HEWL. (C) With L-DOPA as a substrate, in the presence of kojic acid. The reaction mixture
contained the indicated concentration of substrate and 7.5 U of mushroom tyrosinase in a total volume of 250 ll of 30 mM MOPS buﬀer (pH 6.5).
The ﬁnal concentrations of the inhibitors are indicated on the left side of each Lineweaver–Burk plot. Data were obtained as mean values of 1/V of
three independent tests. 1/V is deﬁned as the inverse of the increase of absorbance at a wave-length of 475 nm per min.
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formational change. This conformational change could reduce
mushroom tyrosinase activity. Alternatively, HEWL might
cause an irreversible modiﬁcation of mushroom tyrosinase
through its enzyme activity. Finally, the inhibition could arise
because HEWL interacts with a later intermediate in the reac-
tion but not with the initial enzyme–substrate complex [19,23].
Inhibition activity increased during the ﬁrst hour of pre-
incubation but started to decrease afterwards as demonstratedin Fig. 3. The dependence of inhibition on pre-incubation time
excluded the possibility that the inhibitor interacts with either
intermediate or substrate–enzyme complex. In addition, the
slow decay of lysozyme inhibitory eﬀect suggested tyrosinase
activity was restored when lysozyme started to lose its activity.
Lysozyme is likely to bind to mushroom tyrosinase and induce
a conformational change.
To conﬁrm whether HEWL’s inhibitory eﬀect is reversible,
we performed a comparative experiment. In this experiment,
Table 1
Inhibitory eﬀect of HEWL and kojic acid on mushroom tyrosinase activity (substrate: L-DOPA and L-tyrosine)
Figure A B C
Inhibitor HEWL HEWL Kojic acid
Substrate L-DOPA (0.4 mM) L-tyrosine (0.8 mM) L-DOPA (0.4 mM)
Ki (lM) 0.075 ± 0.015 0.11 ± 0.02 4.0 ± 0.2
ID50 (lM) 0.32 ± 0.06 0.20 ± 0.04 4.0 ± 0.2
Inhibitory type Partial mixed Partial mixed Partial non-competitive
a 0.91 ± 0.2 0.68 ± 0.1 N/A
b 0.40 ± 0.05 0.36 ± 0.03 0.03 ± 0.02
Vmax 0.28 ± 0.01 0.014 ± 0.004 0.32 ± 0.06
Km (mM) 0.43 ± 0.04 0.76 ± 0.05 0.42 ± 0.02
Fig. 3. Inhibitory eﬀects of HEWL on mushroom tyrosinase activity
with several pre-incubation times. HEWL (75 ll, 0.25 lM) was added
to mushroom tyrosinase (75 ll, 7.5 U) and the mixture was incubated
at 25 C for diﬀerent times (0 min, 15 min, 1 h, 3 h and 6 h). The
reaction was started by addition of the 2 mM L-DOPA to the mixture.
Mushroom tyrosinase diphenolase activity was determined as the
increase of absorbance at 475 nm. Values are calculated from three
independent tests.
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incubated HEWL-tyrosinase by Sephadex CM bead aﬃnity.
In comparison with the control, only half of the mushroomFig. 4. HEWL depletion experiment: comparison of mushroom tyrosinase ac
action of HEWL against mushroom tyrosinase after HEWL depletion by S
incubated for 1 h at 25 C. Mushroom tyrosinase alone (n,m) and tyrosinase
kept at 25 C without HEWL depletion procedure (m, n). The enzymes were
mushroom tyrosinase alone (lanes 1 and 2) and tyrosinase/HEWL (lanes 4 an
CM bead treatment. Proteins eluted from Sephadex beads after incubation wi
PAGE was performed using a 4–12% Bis-Tris gel with silver stain. Arrows ityrosinase activity was recovered in HEWL-depleted sample
(Fig. 4A). The other half of mushroom tyrosinase activity
was not restored after HEWL depletion and one hour pre-
incubation, which can be explained by 2 models. The ﬁrst
model we hypothesize is a mixed inhibition mechanism. In this
model, HEWL binds to glycosidic linkage in tyrosinase and in-
duce its conformational change. Some of the bound HEWL
continues to non-speciﬁcally cleave glycosidic linkages and in-
duces irreversible inhibition. After depletion of HEWL, only
the portion of reversibly-inhibited tyrosinase is restored as to
its diphenolase activity. The other potential model is a slow
reversible inhibition mechanism. In this model, all tyrosinase
is inhibited reversibly due to slow conformational change. It
took 1 h for HEWL to bind to tyrosinase (not necessary to
the glycosidic linkage). After depletion, dissociated tyrosinase
begins to change back to its active conformation slowly (about
half amount changed in one hour). Both models consist of
reversible inhibition which is supported by the experiment in
Fig. 3. Note that the inhibition eﬀect drops slowly as HEWL
slowly loses its binding capacity (from 29% to 24% in the fol-
lowing 5 h), probably due to denaturing. The Ki, a value and b
value are almost identical in both experiments (L-DOPA and
L-tyrosine as substrates, respectively), which suggests this com-
mon inhibition mechanism aﬀects both steps.tivity before and after HEWL depletion. (A) The recovery of inhibitory
ephadex CM beads. HEWL was added to mushroom tyrosinase and
/HEWL (n, +) were treated by Sephadex CM beads for 30 min (D, +) or
dissolved in 50 mM MOPS (pH 6.5). (B) SDS–PAGE comparison of
d 5) solution before (lanes 1 and 4) and after (lanes 2 and 5) Sephadex
th tyrosinase (lane 3) or with tyrosinase/HEWL mixture (lane 6). SDS–
ndicate mushroom tyrosinase (64 kDa) and HEWL (14 kDa).
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HEWL acts as an inhibitor of mushroom tyrosinase by revers-
ible inhibition and irreversible protein modiﬁcation. Water-
soluble and non-harmful HEWL as an inhibitor has the same
(or even better) eﬃciency as some small molecule inhibitors.
Taken together with our previous observations on the inhibi-
tion of mosquito melanin production by mosquito lysozyme
and HEWL, these ﬁndings suggest that there is a universal
mechanism of inhibition of tyrosinase by lysozyme, though
its detail remains unclear. Future studies will be required to
elucidate how lysozyme binds to and modiﬁes tyrosinase at
the structural level.4. Materials and methods
4.1. Materials
Kojic acid (5-hydroxy-2-(hydroxymethyl)-4H-pyran-4one) was pur-
chased from Acros Organics (Fair Lawn, NJ, USA). Mushroom tyros-
inase, L-DOPA, Sephadex CM beads were purchased from Sigma (St.
Louis, MO, USA). HEWL was purchased from Worthington Bio-
chemical (Lakewood, NJ, USA). MOPS and L-tyrosine were obtained
from Fisher Scientiﬁc (Houston, TX, USA).
4.2. Kinetic analysis of mushroom tyrosinase inhibition by HEWL
Mushroom tyrosinase activity was measured by determining its
diphenolase activity using a modiﬁcation of the method reported
by Shono et al. [24]. HEWL was dissolved in MOPS buﬀer
(50 mM, pH 6.5) at a range of concentrations from 0.167 to
1.33 lM. Mushroom tyrosinase was prepared as 0.1 U/ll in MOPS
buﬀer (50 mM, pH 6.5). The pre-incubation mixture consisted of
75 ll of mushroom tyrosinase and 75 ll of HEWL. The mixture
was incubated at 25 C for 3 h. The peak inhibition happened after
1-h pre-incubation. However, since the inhibition eﬀect increased
quickly before 1 h, the kinetics data around 1 h were sometimes
not consistent. After 3 h, inhibition only decreased 10% from the
maximum, but kinetics results were stable. Therefore, we chose the
3 h incubation period. Then 100 ll of various concentrations of L-
DOPA (3.33, 2.22, 1.48, 0.99, 0.5 and 0.25 mM) or L-tyrosine (4, 2,
1, 0.5 and 0.25 mM) in water was added to a 96-well plate (Becton
Dickinson Labware, NJ, USA) for a total volume of 250 ll for the
assay mixture. The initial rate of dopachrome formation from the
reaction mixture was determined as the increase of absorbance at
475 nm. Results are shown from three experiments. The pre-incuba-
tion of mushroom tyrosinase alone was treated as negative control.
Kojic acid was used as a positive control. Sigma plot 2002 was used
to process all kinetics data and to generate Lineweaver–Burk and
Dixon plots for determination of Ki, ID50, and the nature of the inhi-
bition. The substrate concentrations we used to calculate the ID50 of
HEWL inhibition of tyrosinase were 0.4 mM for L-DOPA and
0.8 mM for L-tyrosine. The substrate concentration we used for kojic
acid inhibition of tyrosinase was 0.4 mM.
4.3. HEWL depletion experiment
Sephadex CM beads (carboxymethyl-Sephadex), a commercial poly-
saccharide studded with –CH2–COOH groups and used for chroma-
tography were used for HEWL depletion. Above pH 3, these groups
carry negative charges (–CH2–COO–), and thus will bind tightly to
positively charged solutes [21]. The pI of HEWL is 11.0. At pH 6.5,
the pH at which we carry out HEWL depletion experiment, the pre-
dominant ionic form of HEWL has a net positive charge, and thus
HEWL will cling tightly to Sephadex CM beads. Our data show mush-
room tyrosinase, which we wished to separate from HEWL, does not
bind to the beads.
HEWL (75 ll, 0.25 lM) and mushroom tyrosinase (75 ll, 7.5 U)
were mixed for 1 h at 25 C. After incubation, 8 ll of a Sephadex
CM bead slurry were added to the mixture and rotated for 30 min.
The mixture was centrifuged; the supernatant and the protein attached
on the beads (eluted by 1 M NaCl) were examined by SDS–PAGE
(Fig. 4B). The diphenolase activity in the supernatant was compared
with a mixture not subjected to Sephadex CM beads incubation(Fig. 4A) by adding L-DOPA (100 ll, 1 mM) as substrate after 1 h.
Two controls of mushroom tyrosinase were designed to exclude the
possibility that mushroom tyrosinase was accidentally inactivated or
absorbed by Sephadex CM beads. The controls were incubated at
25 C for 1 h, only one of which was followed by same HEWL-deple-
tion procedure as above.Acknowledgements: This work was supported in part by grants from
the National Institutes of Health to S.M.P. (AI37083). We acknowl-
edge the assistance of Beth Schadd, Ellie Walker and Andrea Radtke
in rearing mosquitoes. The authors thank Dr. Lei Shi and Dr. Wallace
Cleland for their helpful assistance.References
[1] Paskewitz, S.M. and Riehle, M. (1994) Response of Plasmodium-
refractory and susceptible strains of Anopheles gambiae to
inoculated Sephadex beads. Dev. Comp. Immunol. 18, 369–375.
[2] Paskewitz, S.M. and Riehle, M. (1998) A factor preventing
melanization of CM-Sephadex beads in Plasmodium-refractory
and susceptible Anopheles gambiae. Exp. Parasitol. 90, 34–41.
[3] Hikima, S., Hikima, J., Rojtinnakorn, J., Hirono, I. and Aoki, T.
(2003) Characterization and function of kuruma shrimp lysozyme
possessing lytic activity against Vibrio species. Gene 316, 187–195.
[4] Vilcinskas, A. and Matha, V. (1997) Antimycotic activity of
lysozyme and its contribution to humoral antifungal defence
reactions of Galleria mellonella. Anim. Biol. 6, 19–29.
[5] Lee-Huang, S., Huang, P.L., Sun, Y., Huang, P.L., Kung, H.F.,
Blithe, D.L. and Chen, H.C. (1999) Lysozyme and RNases as
anti-HIV components in beta-core preparations of human cho-
rionic gonadotropin. Proc. Natl. Acad. Sci. USA 96, 2678–2681.
[6] Ito, S. (2003) Proceedings of the XVIIIth International Pigment
Cell Conference (IPCC). Forward. Pigment Cell Research, vol.
16, pp. 230–236.
[7] Sugumaran, M. (1988) Molecular mechanisms for cuticular
sclerotization. Adv. Insect Physiol. 21, 179–231.
[8] Barrett, F.M. (1984) Wound healing phenoloxidase in larval
cuticle of Calpodes ethlius (Lepidoptera: Hesperiidae). Can. J.
Zool. 62, 834–838.
[9] Kramer, K.J. and Hopkins, T.L. (1987) Tyrosine metabolism for
insect cuticle tanning. Arch. Insect Biochem. Physiol. 6, 279–301.
[10] Aso, Y., Nakashim, K. and Yamasaki, N. (1990) Changes in the
activity of DOPA quinone imine conversion factor during the
development of Bombyx mori. Insect Biochem. 20, 685–689.
[11] Anderson, S.O. (1985) Sclerotization and tanning in cuticleCom-
parative Insect Physiology, Biochemistry, and Pharmacology, vol.
3, pp. 59–74, Pergamon Press, Oxford, UK.
[12] Gruber, P., Vieths, S., Wangorsch, A., Nerkamp, J. and
Hoﬀmann, T. (2004) Maillard reaction and enzymatic browning
aﬀect the allergenicity of Pru av 1, the major allergen from cherry
(Prunus avium). J. Agric. Food. Chem. 52, 4002–4007.
[13] Sapis, J.C., Romeyer, F., Macheix, J.J. and Cordonnier, R. (1984)
Study of polyphenoloxydasic activities and some hydroxycin-
namic derivatives of grapes in relation with fruit browning. Bull.
Oﬀ. Int. Vigne Vin. 57, 502–514.
[14] Chen, W.X., Wu, Z.X., Ji, Z.L. and Su, M.X. (2001) Postharvest
research and handling of litchi in China – a review. Acta
Horticult. 1247, 321–329.
[15] Cabanes, J., Chazarra, S. and Garcia-Carmona, F. (1994) Kojic
acid, a cosmetic skin whitening agent, is a slow-binding inhibitor
of catecholase activity of tyrosinase. J. Pharm. Pharmacol. 46,
982–985.
[16] Kubo, I., Yokokawa, Y. and Kinst-Hori, I. (1995) Tyrosinase
inhibitors from Bolivian medicinal plants. J. Nat. Prod. 58, 739–
743.
[17] Lee, G.C. and Lee, C.Y. (1997) Inhibitory eﬀect of caramelisation
products on enzymic browning. Food Chem. 60, 231–235.
[18] Cabanes, J., Garcia-Canovas, F., Lozano, J.A. and Garcia-
Carmona, F. (1987) A kinetic study of the melanization pathway
between L-tyrosine and dopachrome. Biochim. Biophys. Acta
923, 187–195.
[19] Shimizu, K., Kondo, R. and Sakai, K. (2000) Inhibition of
tyrosinase by ﬂavonoids, stilbenes and related 4-substituted
1882 B. Li et al. / FEBS Letters 580 (2006) 1877–1882resorcinols: structure–activity investigations. Planta Med. 66, 11–
15.
[20] Boucias, D.G., Hung, S.Y., Mazet, I. and Azbell, J. (1994) Eﬀect
of the fungal pathogen, Beauveria bassiana, on the lysozyme
activity of Spodoptera exigua larvae. J. Insect Physiol. 40, 385–
391.
[21] Chadwick, J. (1970) Relation of lysozyme concentration to
acquired immunity against Pseudomonas aeruginosa in Galleria
mellonella. J. Invert. Pathol. 15, 455–456.[22] Powning, R.F. and Davidson, W.J. (1973) Studies on insect
bacteriolytic enzymes-I. Lysozyme in the haemolymph of Galleria
mellonella and Bombyx mori. Comp. Biochem. Physiol. 45B, 669–
686.
[23] Dixon, M. and Webb, E.C. (1979) Enzyme inhibition and
activationEnzymes, pp. 332–467, Longman, London.
[24] Shono, S. and Toda, K. (1981) Pigment cell 1981/phenotypic
expression in pigment cells, pp. 263–268, University of Tokyo
Press, Tokyo, Japan.
